Using patent-based indicators, this paper aims at explaining to what extent the production of innovation is globalized. Firstly, it provides evidence -over time, across countries and across industrial sectors -on the patterns in international technological collaboration and in cross-border ownership of innovation. Secondly, a fractional logit model is estimated for a unique panel dataset covering patent information of 21 industries in 29 countries from 1980 to 2005. The results show that countries tend to be more globalized in industrial sectors in which they are less technologically specialized. It suggests that globalization of innovation is more driven by home-base augmenting determinants than home-base exploiting ones. The empirical findings also indicate that the intensity of globalization of innovation is higher in multidisciplinary country-industry pairs and in those which compete internationally in trade.
Introduction
At the crossroads of the rising importance of knowledge economy and the increasing international integration of economic activities, the globalization of innovation is a major concern.
Compared to the globalized markets of goods and services, the technology production has been often described as "far from globalized" (Patel and Pavitt, 1991) and mainly concentrated in the home country (Belderbos et al., 2011) of multinational enterprises (MNE). However, international organizations recognize that research & development (R&D) activities are increasingly performed across borders (UNCTAD, 2005; OECD, 2008; UNESCO, 2010) .
Various evidences illustrate this strong increasing trend in international collaboration in the innovation production. In a world of science which is becoming multipolar (Veugelers, 2010) -with the rise of emerging countries such as China and India -the increasing importance of teams in the production of knowledge is undeniable (Wuchty et al., 2007) . In view of the complexity and interdisciplinarity of research, innovative firms collaborate more to access complementary resources from beyond their boundaries (Miotti and Sachwald, 2003; Cassiman and Veugelers, 2006) . International technological collaborations matter to enhance the diffusion of relevant knowledge required to innovate in many technological fields but often available in different locations. These worldwide collaborations are thus a key channel of knowledge spillovers (Singh, 2005; Montobbio and Sterzi, 2012) .
This paper aims at explaining, using patent-based indicators, to what extent the production of innovation is globalized. Firstly, it provides evidence -over time, across countries and across industrial sectors -on the patterns in the internationalization of innovation for two patent count indicators. Rich patent data allow us to distinguish between several types of internationalization in the production of innovation 1 , looking into the trends not only in terms of international technological collaboration, but also concerning the cross-border ownership of innovation. Secondly, a fractional logit model is estimated -using a unique panel dataset covering 21 industries in 29 countries over 25 years -to investigate empirically the importance of two main opposing motives explaining the internationalization of innovation: home-base augmenting and home-base exploiting strategies (Kuemmerle, 1997) .
Many studies have explored those questions within a firm level approach mainly focusing on a restricted sample of multinational firms (Patel and Pavitt, 1991; Cantwell, 1995; Patel and Vega, 1999; Cantwell and Janne, 1999; Kumar, 2001; von Zedtwitz and Gassmann, 2002; Narula and Zanfei, 2005; Cantwell and Piscitello, 2005; Fernández-Ribas and Shapira, 2009; Athukorala and Kohpaiboon, 2010; Schmiele, 2012) . In my study, I opt for a more general approach aggregating information contained in a large patent database. This kind of approach is more exhaustive, as all patented inventions are treated, whoever the owner. Although it prevents us to take into consideration drivers of globalization that are firm-specific, it allows us to give a more complete picture of internationalization of innovation by covering more countries and more industries.
While most global approach studies were restricted on differences across countries van Pottelsberghe de la Potterie, 2001, 2004; Ma and Lee, 2008; Picci, 2010; Thomson, 2013) , this paper is -to the best of my knowledge -the first study to take also into account a systematic industry perspective. The relevance of industry-level analyses has been shown by several results in the literature indicating that -in addition to the differences in the so-called propensity to patent across industries 2 -the globalization of innovation is industry-specific. For instance, Florida (1997) and Breschi (1999 Breschi ( , 2000 have shown that the geographical concentration and the spatial organization of the innovative processes may differ remarkably across industrial sectors. In the same vein, Hagedoorn (2002) and Narula and Duysters (2004) have observed that R&D partnerships are sector-specific. Furthermore, a recent study by Picci and Savorelli (2012) has indicated that a strong heterogeneity exists in internationalization across technological fields. In addition to control for differences across industrial sectors, industry-level data enable us to investigate empirically the relationship between revealed technological advantages of countries across industries and globalization of innovation.
The first part of this paper highlights some stylized facts in the internationalization of innovation. This patent-based analysis confirms a strong growth in the intensity of globalization of innovation from 1980 to 2005. This worldwide trend is observed not only in terms of crossborder ownership of innovation, but also in terms of international technological collaborations.
More interestingly, I show heterogeneity of globalization across countries and industries. First, more innovative countries (or industries) do not have more a globalized innovation footprint.
Second, although the location of innovation is increasingly dispersed across the world, its ownership is still strongly concentrated in a few countries.
The estimation results show that the degree of internationalization of innovation is negatively related to the revealed technological advantage of countries across industries. Countries have a tendency to be more globalized in industrial sectors in which they are less technologically specialized. The empirical findings suggest also that countries with multidisciplinary technological knowledge are more likely to take part in international co-inventions of new technologies and to be attractive for foreign innovative firms. This aggregated patent-based analysis provides additional evidence that globalization of innovation is a means of acquiring competences abroad that are lacking at home, suggesting that home-base augmenting motives matter in the globalization of innovation production. By contrast, the internationalization of innovation does not seem to be purely market-driven since large economies are not the target of foreign innovative firms and international patenting is more related to international competitiveness of country-industry pairs than to the direction of trade flows.
The rest of the paper is structured as follows. The next section introduces the theoretical framework, which is based on the dichotomous motives of the globalization of innovation. Section 3 presents the internationalization patent-based indicators used in this paper. The extent to which innovation production is globalized is illustrated in section 4 -distinguishing the trends over time, across countries and industries. The empirical approach is described in section 5
and the results are presented in section 6. Last section concludes and puts forward ideas for further research.
Theoretical framework
A large body of literature exists on this topic 3 and usually highlights several motives behind the internationalization of R&D. In particular, two main opposing strategies are often compared (Kuemmerle, 1997 (Kuemmerle, , 1999 Patel and Vega, 1999; Le Bas and Sierra, 2002; Narula and Zanfei, 2005) .
First, firms set up R&D laboratories abroad in order to exploit their already developed assets.
Their foreign R&D activities mainly support the entry in new markets overseas by adapting the products or the processes to the local conditions. These demand-oriented innovative activities aim at modifying products to make them more appropriate to the local market and to support manufacturing activities of local subsidiaries. In this context, the main objective of the globalization of innovation is to exploit their technological advantage created within the home country. It thus consists mainly in an extension of R&D work already undertaken at home. This first kind of internationalization strategy was referred to as 'asset-exploiting' by Dunning and Narula (1995) or as 'home-base exploiting' by Kuemmerle (1997) .
Second, beyond the exploitation of domestic strengths, other motives can explain the globalization of innovation. Innovative firms can be motivated to cross borders to track or access overseas new technology development, to improve existing assets or alleviate technological weaknesses at home and to tap into knowledge around the world. This second strategy is reflected in 'asset-augmenting' (Dunning and Narula, 1995) or 'home-base augmenting' (Kuemmerle, 1997) international R&D activities. According to this strategy, the main objective of firms is to augment their knowledge base combining their own abilities with new foreign technological capabilities. They internationalize their innovation production to obtain abroad strategic assets that are complementary with those already available at home. Their international innovative activities aim to serve their global value chain in order to generate entirely new products from a global network of dispersed locations. As a result, they strengthen their technological competences and their global innovative performance.
While the home-base exploiting strategy has been initially recognized as dominating (Lall, 1979; Mansfield et al., 1979) , the home-base augmenting strategy has received more empirical confirmation (Florida, 1997; Kuemmerle, 1999; Ambos, 2005) 
However, empirical papers investigating this set of dichotomous motives were often restricted to firm-level data. For instance, Kuemmerle (1999) studied the foreign direct investment in R&D laboratories of 32 MNE in pharmaceutical and electronics industries and confirmed the key role played by home-base augmenting motives. Patel and Vega (1999) focused on US patenting activities of a subset of 220 firms. Analyzing the technological profile of countries, they suggested that adapting products to local market and supporting overseas manufacturing 3 See for instance the survey performed by Zanfei (2005) or Hall (2011) . 4 In addition to these strategies of internationalization for innovative activities, Lewin et al. (2009) have argued that the recent R&D offshoring strategies are increasingly 'home-base replacing'. In particular, this practice concerns companies that tend to locate innovative activities in lower labor-cost countries. However, the aggregate empirical approach of this paper enables to test if countries are more globalized in sectors in which they are strong or weak, which does not inform on the replacement of domestic innovative capabilities by foreign ones. Therefore, this paper does not aim to test empirically the home-base replacing strategy.
are major determinants of the internationalization of technology. Le Bas and Sierra (2002) confirmed the main findings of the previous study by considering the patenting activity in Europe of 245 MNE. Cantwell and Piscitello (2005) examined patents granted in the US to large industrial firms for inventions performed at the regional level of four European countries. Their results showed that the location of foreign-owned research is driven by the potential to capture various sources of spillovers, such as intra-industry, inter-industry or science-technology spillovers.
The main empirical contribution of this paper is to test the home-base augmenting and exploiting motives with aggregate patent-based indicators. It aims to deepen previous firm-level evidence with a unique panel dataset covering 21 industrial sectors in 29 countries. More importantly, industry-level data are at the core of the identification of these two strategies. Indeed, I test the relationship between technological specialization of countries across industries and their intensity of globalization of innovation. In other words, it is expected that countries are relatively more globalized in industrial sectors in which they are technologically strong if home-base exploiting strategy dominates. By contrast, countries which tend to augment their home knowledge base are expected to be relatively more globalized in industrial sectors in which they are technologically weak.
Two additional industry-level variables also enable the identification of home-base augmenting and exploiting strategies. First, a positive relationship between cross-border innovative activities and international trade would indicate the predominance of home-base exploiting motives (Picci and Savorelli, 2012) . Indeed, if the internationalization of innovation is mainly driven by the desire to adapt the product to the local market, the intensity of globalization of innovation is more likely to be correlated with foreign sales. Second, the home-base augmenting strategy reflects a diversification of the home country into new technological areas. In this context, interindustry spillovers, diversity externalities and multidisciplinary competences are key drivers of the internationalization of technology development (Cantwell and Piscitello, 2005; Narula and Zanfei, 2005; Fernández-Ribas and Shapira, 2009) . A positive relationship between the intensity of globalization of innovation and the multidisciplinarity of country-industry pairdue to patenting activities in a large number of different technologies -would therefore reflect more the home-base augmenting strategy.
Finally, the large panel dataset used in this paper distinguishes between several types of globalization. Beyond the foreign location of R&D activities (at the core of most papers in the literature, e.g. Kuemmerle, 1999; Cantwell and Piscitello, 2005; Picci and Savorelli, 2012; Thomson, 2013) , this paper contributes also to the literature by analyzing both the international technological collaborations (e.g. co-inventions) and the cross-border ownership of innovation for a large panal dataset of country-industry pairs. 
Patent as indicator of innovation
Patent data are widely used as indicator of innovation (for a discussion, see Griliches, 1990) because they are easily available and contain rich information. In particular, despite some well-known limitations 5 , patents are extensively used as an indicator of the location of foreign inventive activities because they offer the most accessible and internationally comparable information for innovative activities across countries and technological fields. Moreover, systemic and detailed data on the location of R&D expenditures are neither collected for similar aggregates nor comparable for a large set of countries and industrial sectors (as pointed out by Hall, 2011) . This study relies also on two types of patent count indicators. The first indicator is a corrected count of priority filings 8 (PF, a worldwide inventiveness indicator recently introduced by de . It captures all the patents filed by the inventors (or applicants) based in a country, regardless of the patent office of application. This methodology assures the best match between R&D expenditures and patent applications at the country level. For instance, the count for Austria as country of inventor (and similarly for applicant) is thus equal to the number of priority filings with inventors (applicants) based in Austria and filed at the Austrian patent office plus the priority filings with inventors (applicants) based in Austria but directly filed at other patent offices. The inclusion of these priority filings filed abroad allows 5 For instance, the so-called patent propensity varies across countries and industries since all inventions cannot be patented and all patentable inventions are not patented.
6 I thank Gaétan de Rassenfosse for helping me on this issue. 7 The same methodology is used by the OECD to build the patent segment of their STAN database (for more details, see OECD, 2009) . In this paper, the counts per industry are not fractional. A patent related to multiple industries is thus taken into account equally for each industry. Note that the coverage of industries offered by the concordance table of Schmoch et al. (2003) is nearly completed. Only 4% of EPO applications (less than 3% in terms of priority filings) contained in PATSTAT have a IPC technological class which is not taken into consideration by this concordance table.
8 A prioirty filing is the first patent application protecting an invention.
reducing for the bias against small countries which file a high share of their patents abroad.
Moreover, PF does not suffer from geographical bias 9 related to single-office-based indicators (i.e. the home-country bias due to the fact that inventors have a tendency to file relatively more in their own country), since it is based on all patent offices information. The second indicator is the number of patent applications filed at the European Patent Office (EPO). More precisely, this EPO patent count indicator encompasses first and subsequent patent applications which have been filed directly at EPO and those which have reached EPO during the regional phase of a PCT application.
Combining these two indicators provides a more global overview on the globalization of innovation. It also helps to test the robustness of the results since each patent metric has its own interpretation and drawbacks (see among others, Dernis et al., 2001; OECD, 2009) . Priority filings are first filings of patents made usually at national patent offices and potentially extended to regional offices. In particular, they are known to present a skewed distribution with a large number of low value patents; compared to regional patents which have a larger geographical scope and are more expensive for applicants (due to higher fees and intermediary costs in terms of translation or attorneys for instance).
Internationalization patent-based indicators
Using patent data, one can gauge the globalization of innovation production 10 . First of all, I define an international patent for country i as being a patent with a least one resident of country i and at least one resident of any other country. Based on the measures of internationalization presented by Guellec and van Pottelsberghe de la Potterie (2001) and on the country information contained in patents, I now define four types of internationalization in Table 1 . (2006) for discussion on this issue. 10 Globalization of innovation production means that the analysis focuses on the globalization of the innovation process itself without looking at determinants of globalization of patent protection (such as the decision to protect a same invention in several countries). The patent filing strategy, across countries, is out of the scope of this paper.
I measure co-invention when a patent has several inventors residing in different countries, illustrating that those researchers based in different countries co-operate on the same project and jointly invent. This kind of international collaboration between researchers can take place either within a multinational enterprise (research facilities of a same company located in several countries), or through a research joint program between several institutions. The co-ownership measure is similarly defined by considering applicants located in different countries. The two other types are identified when at least one inventor and at least one applicant reside in different countries. For most patents, the applicant is an institution (a firm, a university or a public institute of research) and the inventor is an individual. For instance, the patent can protect an invention performed in a research facility abroad of a multinational firm. These two measures reflect thus the extent to which foreign (domestic) firms control domestic (foreign) innovation.
Within these four types of internationalization, the first two dimensions concern more the globalization of innovation in terms of international technological collaboration, whereas the last two are more closely related to the cross-border ownership of innovation.
The total count of patents corresponding to each type could be computed to measure the extent to which and how innovation production is globalized. However, what matters more is to consider not only the absolute counts, but also the relative measures in order to better understand the intensity of internationalization. This kind of measures in terms of globalization intensity was proposed by Guellec and van Pottelsberghe de la Potterie (2001) . In this paper, I extend their analysis, which was limited to a cross section of countries, with a more general framework across industrial sectors and over time.
Four patent-based internationalization indicators are computed to evaluate the intensity of globalization across industries, countries and over time. For each industry k in a country i at priority year t, these variables of interest are expressed as the share of international patents in the total number of patents (see equations (1) to (4)):
• SHII is the share of patents with a foreign resident as co-inventor in the population of patents with a domestic inventor:
• SHAA is the share of patents with a foreign resident as co-applicant in the population of patents with a domestic applicant:
• SHIA is the share of patents with a domestic inventor and a foreign applicant in the total domestic inventions:
• SHAI is the share of patents with a domestic applicant and a foreign inventor in the total domestic applications:
In addition to have a simple interpretation, those relative measures have one main advantage.
They allow us to focus on the globalization per se -being relatively independent of the determinants of patenting decision which are out of the scope of this paper. In particular, it means that these measures are robust to the strong differences in the propensity to patent observed across countries and industries. This reasoning is based on the assumption that there is no difference in the propensity to patent within a same industry-country pair between all patent and international ones.
Nevertheless, one can argue that those patent-based internationalization indicators have limitations and do not reflect all types of international innovation experience which presents strong variations across firms. For instance, the case of a MNE that prefers to register, as applicant, the name and the location of its local subsidiary where the invention was developed -rather than those of its headquarters -would not be counted as international innovation experience according to previous definitions. We can thus expect that results would be under-estimates of the true globalization intensity. This underestimation is mainly due to the fact that the country of residence of a firm is not always its nationality. 11 As shown by Cincera et al. (2006) for the case of Belgium, we can indeed compare the direct foreign ownership of innovation (as measured by SHIA) and the indirect foreign ownership when we have the information about the foreign control of applicant (when it is a subsidiary of a foreign firm). The empirical evidence illustrated by the authors seems to confirm that patent information under-estimates the real level of globalization of innovation production. However, they have also indicated that the global trend over time is more explained by the patents that are "directly owned by foreign applicants" (p 501). Even though all firm level ownership information -consolidated for the headquarter and its various subsidiaries (which is available only for a restricted number of cases) -would provide the complete picture, patent information is satisfactory enough to have a larger view on the globalization of innovation phenomenon.
Patterns in the globalization of innovation production
The first part of this research aims at providing global evidence on internationalization of innovation production; focusing first on the worldwide trends over time and then on crosscountries and cross-industries variations. It is based on an unique panel dataset that is composed of 21 manufacturing industries (2-digit ISIC classification from 15 to 36, see Appendix 
Over time
To introduce the topics, it is interesting to examine globally the evolution over time of the internationalization of innovation. Since making averages across countries or industries would lead to some bias, this worldwide representation is computed with all information contained in PATSTAT considering distinct applications -preventing from multiple counting of the same patent. The international shares indicators are thus equal to the ratio of distinct international patent applications of each type of internationalization divided by the total number of distinct patent applications per priority year.
Figures 1 and 2 represent, respectively for PF and EPO, first on the black curve the annual patent count (see the left axis) and second on the bars the share of international patents (see the right axis). The white ones are the cross-border ownership, the gray the co-invention and the black the co-ownership.
Over those 25 years, the number of patents has strongly increased. The increase was even stronger for international patents since we observe a strong increase in the internationalization intensity, especially from the beginning of the 90's. However, the share of internationalizationcompared to all patenting activity -remains quite limited. In 2005, only 2% of PF (8% for EPO)
were subject to international co-invention; less than 5% represented cross-border ownership of innovation (18% for EPO); and only 1% of PF (2% for EPO) were subject to international coownership. Note that SHIA is larger than SHII because, by construction, II is a sub-sample of IA. 13 As soon as you have two inventors coming from two different countries, at least one of those will come from a different country than the applicant's one. 12 The sample is mainly restricted to OECD countries to guarantee enough availability of explanatory variables at the industry level. Own calculation illustrates that this sample of countries represents on average, over our time period of analysis, about 90% of the worldwide patenting activities. Note that our sample focuses on 29 countries but considers international collaboration with all the countries in the PATSTAT database. 13 This characteristic is valid for the worldwide and industry representations. Note also that SHIA is equal to SHAI for these two representations. Comparing Figure 1 with Figure 2 , we observe that only a restricted fraction of priority filings are subject to a protection in a regional patent office. In 2005, about 15% of worldwide priority filings were also applied at EPO. Within this smaller number of patent applications, however, the share of international patents is largely higher, illustrating that regional filings are more likely to be subject to international technological collaboration and to cross-border ownership. 14 These first figures seem thus to confirm a strong growth in the intensity of globalization in innovation (OECD, 2008) . This worldwide trend is observed not only in terms of cross-border ownership of innovation but also in terms of international technological collaborations. Obviously, a world level analysis is not enough to understand the determinants of this internationalization of innovation. Yet, it requires looking at the country-level and industrylevel differences. Table 2 exhibits the four indicators of internationalization intensity per country in average over our 25 year time period of analysis. They are expressed in percentage points since they are simply computed -as expressed in equations (1) to (4) -by dividing the count of international applications by the total number of applications for each country.
Country-level
Beyond the absolute counts of patent applications (see Appendix Table A. 2), the relative internationalization indicators presented in Table 2 show three insightful results. First, the increasing worldwide trend of the globalization of innovation seems to be balanced by a strong heterogeneity across countries. In particular, it shows that country-size in patenting does not reflect the degree of internationalization since the largest innovative countries (such as US and Germany in Appendix Table A. 2) are not the most globalized ones (about 5% of their priority filings are subject to co-invention while less than 8% of their innovation portfolio reflects crossborder ownership). Indeed, smaller countries such as Belgium or Netherlands have the highest degree of globalization of their innovations (their shares of international patents are more than the double of those of largest innovative countries). Second, the share of international co-invention (SHII) is always lower than the share of foreign ownership of domestic innovation (SHIA). Although it can be partly explained by the construction of the indicators (see above), note that this difference is sometimes significantly high. This underlines that countries may have a stronger tendency to participate in cross-border ownership of innovation than to take part in pure technological collaborations. Third, a comparison across countries and across both types of cross-border ownership of innovation highlights that SHIA is higher -for most countries -than SHAI. It means that the percentage of patents in-vented in those countries and assigned abroad is higher than the percentage of patents owned by those countries and invented abroad. It confirms that most countries are net exporter of innovation (indicated by negative net R&D offshoring ratio in Thomson, 2013) . Only few countries (such as US, Switzerland or Netherlands) seem to have an "applicant surplus" (as shown by Picci and Savorelli, 2012) , presenting higher number of domestic applicants with foreign inventors than domestic inventions owned by foreigners. Those countries control relatively more inventions abroad than their own ones are controlled by foreigners. They are also known to be the headquarters of strong multinational firms.
Even though the production of innovation is increasingly globalized (its location is more dispersed across the world), its ownership is still strongly concentrated. It thus confirms the worldwide concentration of ownership of international patents, already pointed out by Guellec and van Pottelsberghe de la . Note also that all countries have a more international footprint in their regional patent application (EPO) than in their priority filings.
Industry-level
Similar indicators were computed per industrial sectors. In addition to present strong differences in their patenting activities (see Appendix Table A. 3), Table 3 shows that industries exhibit differences in the average intensity of globalization of their innovation.
Three findings can be drawn from this table. First, the manufacturing of coke, petroleum producs and nuclear fuel (PETR 15 ), and the manufacturing of chemicals products (CHEM) are the industries which are globally the more international ones across the four types of internationalization and for both patent count indicators. About 2% of PF (10% of EPO) are co-invented and 4% (17%) are subject to cross-order ownership in both industries. Second, like for the country case, it confirms that size in patenting is not reflected in the degree of internationalization. Industries with a large number of patent applications (see machinery and equipement, MACH; radio, television and communication equipement, COMM in Appendix In addition to analyze the differences in the average intensity of globalization across countries and industries, the trends over time provide interesting insights. Table 4 exhibits the compound annual growth rates (CAGR) per country and per industry. It shows that the worldwide increasing trends in international patenting activities (observed in Figures 1 and 2 ) are shared among most of the countries and all industries. This growth in globalization of innovation was undeniable with worldwide annual growth rates that were equal, for PF, to 7% in international co-invention and 5% in cross-border of innovation. Concerning the industries related to the ICT, while Table 3 reports a relatively low average level of internationalization over the 25 years, Table 4 shows that internationalization has more strongly increased in those particular industries (such as COMP and COMM) than in low-tech industries (such as FOOD) 17 . 5 Empirical approach
Fractional logit model
Beyond these stylized facts, the second objective of this paper is to better understand the determinants of the globalization of innovation using an econometric model. To explain the intensity of globalization of innovation production in our panel dataset, estimating a classical linear model is not convenient since our dependent variables (SHI I, SH I A, SH AI, SH AA) are shares. These variables of interest vary, by definition, between 0 and 1. As pointed out in the econometric literature 18 , using a linear model for such fractional data would suffer from the same weaknesses as using a linear model for binary choice models. In particular, the predicted values from a classical OLS regression are not necessarily restricted in the unit interval.
I have prefered to use a fractional response model proposed by Papke and Wooldridge (1996) 19 and suited to proportions data:
where G(.) is a known function satisfying 0 < G(z) < 1 for all z∈ R. It simply consists in considering a function G(.) in the relation between y and x. This function G(.) is chosen to satisfy the conditions that guarantee that the predicted y will be restricted to the unit interval for all values of the regressors. It is typically chosen to be a cumulative distribution function.
In this case, I took the logistic function,
, and I thus estimated a fractional logit model. The authors have proposed a particular quasi-maximum likelihood estimator (QMLE) based on the Bernoulli log-likelihood function, given by:
This method takes into account the bounded nature of the dependent variable and the possibility of observing values at the boundaries. Equation (6) (6) is a member of the linear exponential family, the QMLE estimate is consistent and √ N-asymptotically normal regardless of the distribution of y i conditional on x i . In particular, y i could be a continuous variable or a discrete variable.
The following fractional logit model is estimated for our panel dataset composed of countryindustry pairs over time:
The dependent variables -y = {SHI I, SH I A, SH AI, SH AA} -are the four types of internationalization indicators based on the two alternative patent counts -PF and EPO. They vary between 0 (if the patents of a country-industry pair list only domestic residents) and 1 (if all patents of a country-industry pair reflect international inventive activities). 20
18 For a discussion, see among others Kieschnick and McCullough (2003) or Ramalho et al. (2011) . 19 For examples using this estimation technique in applied economics papers, see for instance Wagner (2001 Wagner ( , 2003 and Czarnitzki and Kraft (2004) . 20 See Appendix Table A .5 for descriptive statistics.
Explanatory variables 21
To deepen our understanding of the globalization of innovation, five explanatory variables are taken into account in the main econometric specifications. First, an indicator of the revealed technological advantage of countries across industrial sectors is defined as in equation (8).
where Patent i,k,t is the fractional count of patents of country i in industry k at priorirty year t. This first variable is the key factor which helps us to distinguish between the home-base augmenting and home-base exploiting motives in internationalization of innovation (see discussion in section 2). Indeed, it allows us to evaluate if countries are relatively more globalized in industries in which they are technologically either strong or weak. Positive or negative effects can be expected according to the prevalence of each strategy. The home-base augmenting strategy suggests a negative relationship between RTAc and internationalization intensity. By contrast, if firms primarly go abroad to exploit the technological strenghts of their home country, a positive relationship between RTAc and internationalization intensity is more likely. This last interpretation was highlighted by Patel and Vega (1999) and Le Bas and Sierra (2002) in their descriptive analysis of patenting activities of samples of MNE's in US for the former and in Europe for the latter. They indeed concluded that in a large manjority of cases, firms tend to locate their technoloigy abroad in their core areas in which they are strong at home.
A second set of variables is taken into account to investigate the relationship between international trade in goods and international patenting activities across industrial sectors. A strong relationship with the absolute series of trade flows would indicate that internationalization of R&D is demand driven (Lall, 1979; Mansfield et al., 1979) . In the same vein, Picci and Savorelli 21 See Appendix Table A .4 for more details on the variables, see Appendix Table A .5 for the descriptive statistics and see Appendix Table A.6 for correlation matrix. 22 A similar measure has been introduced by Soete (1987) and then has been largely used (see for instance, Dunning, 1994; Cantwell, 1995; Patel and Vega, 1999; Le Bas and Sierra, 2002; Frietsch and Jung, 2009; Frietsch and Schmoch, 2010) . Note also that this revealed comparative advantage is evaluated for both patent counts indicators (PF or EPO) based either on the country of inventor (RTAc inv) or the country of applicant (RTAc app) . 23 This kind of normalization has been proposed by Laursen (1998) and then has been applied by Dalum et al. (1999) , Begg et al. (1999) , Brusoni and Geuna (2003) , Schubert and Grupp (2011) competitive innovative countries are more likely to be more effective in performing research abroad and to be more attractive for international technological collaboration (Kumar, 2001 ).
Moreover, openness to international trade (Furman et al., 2002) and international competitiveness in trade (Danguy et al., 2013) While the previous variables were expressed for each country-industry pair, I also include variables that vary only across countries. Indeed, I control for differences, across countries, in terms of the intensity of R&D expenditures (R&D Int.) and in terms of the economic size measured by the GDP (Size). For both variables, positive or negative impact can be expected. Technological intensity contributes to the absorptive capacity of countries such that they can benefit more from the sourcing of knowledge abroad but strong technological capabilities may also mean less incentives to cross borders to find additional knowledge assets (Song and Shin, 2008) . Concerning the size of country, R&D collaboration literature Narula and Duysters, 2004) suggests that smaller countries collaborate more to compensate for the lack of home capabilities; whereas papers on international R&D location (Kumar, 1996; Cantwell and Piscitello, 2005) demonstrate that larger countries are more attractive for the location of foreign R&D facilities, especially if internationalization of innovation is market-oriented (Kuemmerle, 1999) . Finally, I control for unobserved heterogeneity in our panel dataset by including country (α i ), industry (α k ) and time (α t ) dummies.
Results and discussion
The main estimation results of the fractional logit model 24 of equation (7) are presented in Table   5 for EPO patent applications 25 ; distinguishing between the four types of internationalization (see Table 1 and equations (1)- (4) for more details). Notes: Robust standard errors in parentheses; ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively. The rows "country FE", "industry FE", and "year FE" report the significance levels of the joint effect of these fixed effects.
First, RTAc variables have a strongly significant and negative coefficient over the different specifications. It means that the intensity of globalization of innovative activities is higher in industrial sectors in which countries present a revealed technological disadvantage; i.e. in which they are relatively weak. By contrast, countries which present a revealed technological advantage seem to keep it relatively more within their national borders and their innovative firms are less likely to collaborate with foreigners. This effect is observed not only in terms of international co-invention and co-ownership of patents (SHII and SHAA) but also in terms of cross-border ownership of innovation (SHIA and SHAI). The negative relationship between RTAc and the dependent variables suggests that firms do not extend their R&D internationally to replicate research in the industrial sectors in which their country is already strong, but rather to acquire the knowledge which is lacking at home (as suggested by Archibugi and Michie, 1997) . It thus reflects the dominance of the home-base augmenting strategy, in comparison with the homebase exploiting strategy.
These results for our panel dataset confirm the conclusions of Almeida (1996) for the semiconductors case, the illustrative evidence of Cantwell (1995) for American electrical and German chemical firms, and the results of the analysis of the German innovation survey performed by Schmiele (2012) . Concerning foreign ownership of domestic innovation (SHIA), Cantwell and Piscitello (2005) have also suggested that strong domestic specialization 26 acts as an entry barrier against foreign firms. Since foreign and domestic firms compete for a given pool of resources (e.g. the inventors), foreigners may have more difficulties to access the market where residents are relatively strong.
Concerning trade variables, the main impact comes from both measures of international competitiveness (Net trade and RCAc, which are illustrated in Table 5 ; whereas results of absolute series of export and import are in Table 6 ). However, the internationalization of innovation does not seem to be strongly correlated to overseas trade. Indeed, results in terms of export and import (see Table 6 ) show less significant coefficients, suggesting that international patenting does not follow totally the flows of international trade of goods. If the internationalization of innovation was strongly demand-driven or market-oriented, one would expect that foreign ownership of domestic innovation (SHIA) -domestic ownership of foreign innovation (SHAI) -to be particularly more related to import than export -export than import, respectively. This distinction between the two types of crossborder ownership of innovation does not take place significantly, which suggests that international innovative activities are poorly driven by home-base exploiting motives. This provides also evidence that the international competitiveness of the country-industry pair matters more than the direction of the trade flows in explaining the internationalization of innovation. Notes: Robust standard errors in parentheses; ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively. The rows "country FE", "industry FE", and "year FE" report the significance levels of the joint effect of these fixed effects.
The opposite effect of RTAc and RCAc (see Table 5 ) could be considered as confusing. Nevertheless, these results indicate that specialization in technological innovation is not necessarily related to export performance. These two set of variables may reflect different phenomena, particularly as determinants of the globalization of innovation. While RTAc measures the performance in the development of patentable inventions, exports based indicators are more related to the business exploitation of patented technologies. The results show in fact that countryindustries which present better performance on the former dimension collaborate less than those which better perform in the latter one.
The third variable of interest, the multidisciplinarity (Multi. inv and Multi. app) , has a positive and significant coefficient (except for SHAI), confirming the importance of home-base augmenting strategy. On the one hand, it indicates that multidisciplinary country-industry pairs are more likely to be involved in international collaboration (SHII and SHAA). On the other hand, it shows that country-industry pairs with more diverse patenting activities -across a larger number of different technologies -are more attractive for foreign applicants (SHIA).
It confirms the positive impact of diversity externalities, observed by Cantwell and Piscitello (2005) (for a sample of MNE across European regions). These multidisciplinary country-industry pairs reflect a higher potential for inter-industry spillovers. As shown by Fernández-Ribas and Shapira (2009) in the case of nanotechnology, it also suggests that the inter-disciplinary and diversified knowledge in the host country matters for the location of R&D facilities abroad.
Nevertheless, this positive impact is not observed for SHAI, suggesting that multidisciplinary country-industry pairs do not seem to own more foreign inventions.
The results of the last two variables (R&D Int. and Size), varying only across countries and over time, confirm mainly the findings of Guellec and van Pottelsberghe de la Potterie ( , 2004 ) based on a cross-section of countries for EPO, USPTO and triadic patents 27 .
Concerning the technological intensity of countries, we can distinguish between the different types of internationalization. First, the R&D intensity has a negative and significant impact on SHII and SHIA. The more a country is intensive in research and development, the less its inventors take part in international co-invention. In other words, inventors in countries with higher technological capacities -i.e. a larger home knowledge base -do not need as much as others collaboration with foreign researchers. It thus reinforces the results of RTAc and reflects that researchers cooperate with abroad to fulfill their weak innovative environment. Moreover, the higher the technological intensity of a country, the lower foreign applicants control its inventions. Indeed, Guellec and van Pottelsberghe de la Potterie (2001) concluded that leading innovative countries are not being "techno-sourced, at least not through foreign ownership of their inventions." Second, the impact of technological intensity on SHAI is positive and significant. It illustrates that companies in countries with higher R&D intensity have a higher tendency to own foreign innovation; it can be explained by a higher absorptive capacity of the knowledge flows related to these foreign locations of R&D (Cohen and Levinthal, 1989; Song and Shin, 2008) .
Finally, the size variable has globally a negative impact, although poorly significant. It seems to reflect that firms in smaller countries do not only collaborate relatively more in patenting with foreigners but they also "participate relatively more in global sourcing of innovation" (as suggested by Thomson, 2013 for home and host country of R&D offshoring). In the same vein, these empirical findings indicate that internationalization of innovation is not purely market driven since large economies are not the target of foreign applicants in international patenting experiences (see columns (3)- (4) for SHIA).
27 Patent families applied in Europe, the US and Japan.
Conclusions
In a world in which geographical borders are less and less relevant for production, trade and research, this paper aims at better understanding the globalization of innovation production. The empirical findings of this paper indicate that globalization of innovation production is driven by home-base augmenting motives. Indeed, taking an industry perspective shows that the degree of internationalization of innovation is negatively related to the revealed technological advantage of countries across industries. Countries have a tendency to be more globalized in industrial sectors in which they are less technologically specialized. Additional results also provide evidence suggesting that international patenting is a way to compensate for technological weaknesses at home, rather than to exploit home technological strenghts in large foreign markets. In fact, the intensity of globalization of innovation is higher for small economies and for countries with low intensity of R&D expenditures, both indicating a smaller technological knowledge base. Strong innovative performance reduces the incentives to collaborate with foreigners in order to co-invent new technology. Countries with stronger research and development acitvities and large economies have also a lower risk that their domestic inventions are controlled by foreigners. By contrast, higher R&D intensity seems to stimulate the cross-border ownership of foreign innovation.
Concerning the relationship with international trade of goods, the impact is more ambiguous.
On the one hand, the impact of export and import -particularly concerning the cross-border ownership of innovation (SHIA and SHAI) -does not seem to confirm that globalization of R&D is largely market oriented. On the other hand, the international competitiveness (in terms of trade) of country-industry pairs positively affects the degree of globalization of innovation.
Finally, I show that the multidisciplinarity of research matters to explain internationalization of innovation. Again, it reinforces the argument saying that globalization is a mean to find complementary assets abroad. The more complex and interdisciplinary the technological development, the more likely you would need to collaborate on an international basis to find the necessary competences. Moreover, this positive impact suggests that country-industry pairs presenting more diverse patenting efforts -across a larger number of different technologiesare more attractive for foreign applicants.
However, these conclusions require further research. In particular, similar patent-based indicators can be used not only to measure the globalization of innovation of country with the rest of the world but also to study more precisely who collaborates with whom in the globalized production of innovation. Focusing on the bilateral relationships (with a same global approach, across countries, industries and over time) would allow us to control more precisely about home and host characteristics and especially to investigate the effects of distance factors (such as geographical distance, institutional differences or technological proximity) on international patenting experience. This kind of methodology would help to better understand where country-industry pairs are going to compensate for their weak technological environment. Notes: Robust standard errors in parentheses; ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively. The rows "country FE", "industry FE", and "year FE" report the significance levels of the joint effect of these fixed effects. Obs. Notes: Robust standard errors in parentheses; ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively. The rows "country FE", "industry FE", and "year FE" report the significance levels of the joint effect of these fixed effects. The additional estimation results (presented for EPO applications in Table 6 and Appendix Tables A.7, A.8 and A.10) are also confirmed for PF and are available upon request. Notes: Robust standard errors in parentheses; ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively. The rows "country FE", "industry FE", and "year FE" report the significance levels of the joint effect of these fixed effects.
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